Arbitrary amplitude dust acoustic solitary structures have been investigated in a four component multi-species plasma consisting of negatively charged dust grains, nonthermal ions, isothermally distributed electrons and positrons including the effect of dust temperature. We have used the Sagdeev pseudo-potential method to discuss the arbitrary amplitude steady state dust acoustic solitary structures in the present plasma system. We have designed a computational scheme to draw the existence
on the existence of the DA waves. It is also predicted that DA waves may be present in various dusty astrophysical sites such as in the planetary rings 7, 8 , especially in Saturn's A and B rings 9 , nebulon structures or the cloudlike structure observed in the Milky Way 10 , in the vicinity of the lunar terminator 11 , cometary tails 12,13 etc.
In cosmic plasma, the velocity distribution of particles may not always follow the MaxwellBoltzmann velocity distribution. Rather, the charged particles are often nonthermal and follow non-Maxwellian velocity distribution functions due to the presence of an amount of high energetic particles which are not in thermodynamic equilibrium. The presence of such nonthermal energetic particles have been detected in various dusty astrophysical environments [14] [15] [16] [17] [18] [19] . Although the actual mechanism for the formation of energetic particles in space plasma is yet to be an open problem, different non-Maxwellian distributions have been modelled in phase space to describe the behaviour of the energetic particles. The Therefore, from the paper of Das et al. 28 we see that a three component electron-ion-dust (e-i-d) plasma supports DA double layer of positive potential when the velocity distribution functions of ion species are considered nonthermal due to Cairns et al. 20 . In fact, the system supports DA double layer of positive polarity when the nonthermality of ions exceeds a certain critical value. In the present investigation, our main aim is to investigate the nature of existence of different DA solitary structures when an amount of positron is injected in the same plasma system of Das et al. 28 . For that purpose we extend the plasma model of Das et al. 28 into a four component e-p-i-d plasma consisting of negatively charged dust grains, In the present paper, the investigation on DA solitary structures in a four component e-p-i-d plasma has been carried out on the following directions.
• The equation of pressure for dust fluid is taken into account to include the effect of dust temperature.
• We have considered Cairns 20 distributed nonthermal ions. It has been observed that for isothermal ions the system only supports NPSWs. This result completely agrees with the findings of Esfandyari-Kalejahi et al. 47 . But in the present paper, we have found that for strong nonthermality of ions the system supports PPDLs as well as
PPSWs and coexistence of solitary waves of both polarities.
• To investigate the existence of different DA solitary structures in the present plasma system we have considered the qualitatively different existence domains or the compositional parameter spaces which describe a complete scenario of the nature of existence of the solitary structures with respect to any parameter of the plasma system.
• For the first time, we have introduced the phase portrait analysis of the dynamical system corresponding to the DA solitary structures supported by the system.
II. BASIC EQUATIONS & ENERGY INTEGRAL
The following are the governing equations describing the non-linear behaviour of dust acoustic waves propagating along x-axis in a collisionless unmagnetized dusty plasma consisting of negatively charged warm dust grains, Cairns 20 distributed nonthermal ions and isothermally distributed electrons and positrons:
Here n d , n i , n e , n p , u i , p i , φ, x and t are, respectively, the dust particle number density, the ion number density, the electron number density, the positron number density, velocity of dust fluid, dust fluid pressure, electrostatic potential, spatial variable and time, and these have been normalized by n 0 (= n i0 + n p0 = n e0 + Z d n d0 ), n 0 , n 0 , C Dd (linearized velocity of the DA wave in the present plasma system for long-wavelength plane wave perturbation),
, λ Dd (Debye length of the present plasma system) and λ Dd /C Dd with n e0 , n i0 , n p0 and n d0 are, respectively, the equilibrium number densities of electrons, ions, positrons and dust particulates, γ(= 3) is the adiabatic index, Z d is the number of electrons residing on a dust grain surface, −e is the charge of an electron, T d (T i ) is the average temperature of dust grains (ions), and K B is the Boltzmann constant.
The normalized number densities of nonthermal ions, isothermal electrons and isothermal positrons are given by
The above equations are supplemented by the following unperturbed charge neutrality con-
The expressions of M sd and the basic parameters p, µ, σ di , σ ie , σ pe , σ ip are given by the following equations:
where T e (T p ) is the average temperature of electrons (positrons) and β i is the nonthermal parameter associated with the Cairns model 20 for ion species, and according to Verheest & Pillay 26 , the physically admissible bounds of β i is given by 0 ≤ β i ≤ In fact, the linear dispersion relation of the DA wave for the present dusty plasma system can be written as
where
Here, ω and k are, respectively, the wave frequency and wave number of the plane wave perturbation and m d is the mass of a dust grain. For long-wave length plane wave perturbation, i.e., for k → 0, from linear dispersion relation (11), we have,
and consequently the dispersion relation (11) shows that the linearized velocity of the DA wave for long-wave length plane wave perturbation is C Dd with λ Dd as the Debye length.
So, according to the prescription of Dubinov 49 , here each spatial coordinate is normalized by λ Dd and the time is normalized by
To investigate the steady state arbitrary amplitude DA solitary structures, we make all the dependent variables depend only on a single variable ξ = x − Mt where M is the dimensionless velocity of the wave frame normalized by the linearized DA speed (C Dd ) for long-wavelength plane wave perturbation. Using this transformation and applying the boundary conditions:
we get the following energy integral:
For the existence of PPSW (NPSW), we have
For the existence of PPDL (NPDL), the condition (ii) is replaced by Following the construction of dust ion acoustic (DIA) double layers of any polarity as given in section 5.3 of Das et al. 50 , we find that if the PPDL solution of the energy integral (16) having amplitude |φ P P DL |(= φ P P DL > 0) exists at M = M P P DL , then M P P DL is given by the following sequence of equations:
Here φ P P DL is the strictly positive root of the equation
satisfying the following three conditions
where η(φ) and g ± (φ) are given by
The condition (30) , have been derived from the following restriction of φ :
The similar analysis as discussed here is valid to find the Mach number 
III. EXISTENCE DOMAINS
The basic parameters of the present e-p-i-d plasma system are p, µ, σ di , σ ie , σ pe and β i .
For the present dusty plasma system, we take σ ie = σ pe = 0.9 and σ di = 0.0001. In the present paper, we will discuss the qualitatively different existence domains of the different solitary structures with respect to β i for different values of p and µ. To interpret the existence domains we have made a general description as follows:
• Solitary structures start to exist just above the lower curve M = M c = 1.
• At each point on the curve M = M P P DL (M = M N P DL ), one can get a PPDL (NPDL)
solution.
• In absence of M N P DL (M max ), M max (M N P DL ) is the upper bound of M for the existence of NPSWs, i.e., there does not exist any
Although, it is important to note that there exist NPSWs along the curve M = M max but there does not exist any NPSW along the curve M = M N P DL .
• NPSWs.
• Similarly, all intermediate values of M bounded by the curves M = M c and M = M P P DL would give PPSWs.
• We have used the following notations to interpret the different solution spaces : CRegion of coexistence of both NPSWs and PPSWs, N -Region of existence of NPSWs and P -Region of existence of PPSWs. shows the existence domain with respect to β i for p = 0.05, µ = 0.01, σ di = 0.0001, and σ ie = σ pe = 0.9. From this figure we observe the following:
• The system supports NPSWs whenever β i lies within the interval 0 ≤ β i < β • For β i > β (a) i , the system starts to support PPDLs along the curve M = M P P DL .
• In the interval β (a) i < β i < 0.6, the system supports PPSWs and the existence region of PPSWs is bounded by the curves M = M c and M = M max .
• As the curve M = M P P DL restricts the existence of PPSWs, there does not exist
PPSWs after the formation of PPDL. Consequently, the system does not support DA supersoliton of positive polarity.
• In the interval β We have the following observations regarding the amplitude of PPSWs and NPSWs:
• The amplitude of PPSW increases with increasing values of β i (see figure 6(a) ) for fixed values of the other parameters of the present plasma model.
• The amplitude of NPSW increases with increasing values of β i (see figure 6(b) ) for fixed values of the other parameters of the present plasma model.
• The amplitude of PPSW decreases with increasing values of p (see figure 7 (a)) for fixed values of the other parameters of the present plasma model.
• The amplitude of NPSW decreases with increasing values of p (see figure 7(b) ) for fixed values of the other parameters of the present plasma model.
• The amplitude of PPSW decreases with increasing values of σ di (see figure 8(a) ) for fixed values of the other parameters of the present plasma model.
• The amplitude of NPSW decreases with increasing values of σ di (see figure 8(b) ) for fixed values of the other parameters of the present plasma model.
IV. PHASE PORTRAITS OF SOLITARY STRUCTURES
From the discussions of previous section we have seen that the present system supports following DA solitary structures: NPSWs, PPSWs, coexistence of solitary waves of both polarities and PPDLs. We now present the phase portraits of the dynamical system corresponding to the above mentioned DA solitary structures.
Differentiating the energy integral (16) with respect to φ, we get the following differential equation:
This equation is equivalent to the following system of coupled differential equations
where φ 1 = φ. Now, we shall confirm the existence of the DA solitary structures with the help of phase portraits of the system of coupled equations (35) in the φ 1 − φ 2 plane.
For this purpose, we consider figures 9 -12. Here, we have used the existence domain as shown in figure 2 to determine the value of M for the existence of desired solitary structure.
In 
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Since each maximum point of the curve V (φ) correspond to a saddle point of the system, the origin (0, 0) must be a saddle point of the system (35) and the separatrix corresponding to a solitary structure (shown by a heavy blue line) appears to pass through the saddle at the origin and encloses the stable equilibrium points which correspond to the minimum points of the curve V (φ). This separatrix encloses infinitely many closed curves (shown by red lines) about a stable equilibrium point. This closed curves indicate the existence of periodic wave solutions. Here, it is important to note that, the separatrix corresponding to a solitary structure is not a closed curve and therefore, the separatrix does not indicate the periodic wave solution. Because for this case, the trajectory takes forever trying to reach a saddle point. In fact, this is the reason that a pseudo-particle associated with the energy integral • The system supports NPSWs, PPSWs, PPDLs and coexistence of solitary waves of both polarities.
• The positive potential double layer solution of the energy integral restricts the occurrence of PPSWs. Consequently, there does not exist PPSW after the formation of double layer. So the system does not support positive potential supersoliton.
• The system does not support NPDLs. So there is no question of existence of negative potential supersolitons.
• With the help of the existence domains we see that the existence of PPDLs and PPSWs depend on the concentration of positrons in the system. In fact, for increasing positron concentration the existence region of PPDLs and PPSWs decrease and ultimately both of them vanish from the system.
• The existence of PPDLs and PPSWs also depend on the concentration of electrons in the system. The nonthermal parameter of ions β i has an important role on the existence of DA double layers of positive polarity. For isothermal ions the system does not supports PPDL, rather PPDLs are observed for strong nonthermality of ions.
• We have also studied the variation of amplitudes of NPSWs and PPSWs with respect to the parameters β i , p and σ di .
• Finally, we have presented the phase portraits of the dynamical system to confirm the existence of DA solitary structures. 
